Improved spatio-temporal resolution of the seismic character of the Decatur, Illinois (USA) Carbon Capture and Storage (CCS) site allows for an improved understanding of the subsurface reservoir as observed through changes in the dynamic microearthquake activity and in the more slowly-varying subsurface medium changes associated with plume growth. We apply advanced seismological techniques to improve our understanding of induced seismicity at the Decatur site down to very small magnitude levels and to map changes in the subsurface seismic velocity structure though time.
Limitations in instrumentation or processing techniques can often exclude a substantial fraction of seismic events from official earthquake catalogs. These limitations can produce anomalously high seismic event detection thresholds that cause many microearthquakes to escape recognition entirely. Additionally, the amplitude of a microearthquake signal may be so small compared to the background ambient noise level that even a simple location procedure may be impossible for the event, even if it was successfully identified. To improve the detection of microearthquakes down to very small magnitude levels, we apply the empirical Matched Field Processing (MFP) method to continuous seismic data to detect and locate more microearthquakes than can be detected using only conventional techniques (Wang et al., 2015) . Using this advanced earthquake detection technique, we construct representative master templates from previously identified microearthquakes and identify new microearthquakes that had been originally missed. Applying this technique to several months of the publicly available USGS Decatur surface and shallow borehole seismic network data, we were able to identify approximately 100% more events than were originally identified. This significant increase in data availability can improve the statistical analyses of induced seismicity sequences, reveal critical information about the ongoing evolution of the subsurface reservoirs, and better inform the construction of models for seismic hazard assessments.
To complement the MFP method, we also perform the ambient noise correlation (ANC) technique, (Campillo and Paul, 2003) , using the continuous seismic data to determine precise estimates of the Green's function between the seismometers within the network. Changes in the subsurface due to the CO2 plume growth will cause changes in the shape of the Green's functions and is ideal for monitoring changes over time within the footprint of the seismic network.
As an extension to the subsurface monitoring available through the ANC technique, the virtual seismometer method (VSM) is also applied to pairs of identified seismic events within the network. VSM is a new seismic interferometry technique that can also provide precise estimates of the Green's function between earthquakes (Curtis et al., 2009; Hong and Menke, 2006). Although it is sensitive to the source parameters of the two earthquakes (such as location, magnitude, and faulting mechanism), it is also sensitive to the Earth structure in the source region. The VSM essentially turns earthquake sources into virtual seismometers and can be used to track relative differences between earthquakes thereby monitoring the evolution of seismicity and potentially precisely imaging subsurface fault zones.
Using these three seismic techniques, we improve the spatio-temporal resolution of both the dynamic and more slowly-varying seismic characteristics of the Decatur CCS site. These methods advance the utility of induced seismicity at Decatur as a beneficial tool in reservoir management and while also employing the background ambient seismic noise to better image the subsurface reservoir.
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